Background/Aims: Diabetic patients are susceptible to severe periodontitis, but the precise mechanism is not fully understood. Aim of this study was to explore the biological pathogenesis of severe periodontitis in diabetic patients focusing on the crosstalk of human gingival fibroblasts (HGFs) and macrophages. Methods: A total of 70 periodontitis patients with or without diabetes mellitus (DM) were enrolled, and the statistical relationships of diabetic conditions to the periodontal inflammatory parameters were examined by cross-sectional study. In in vitro study, HGFs cell line CRL-2014 ® (ATCC) and differentiated THP-1 macrophages were cultured with normal glucose (NG: 5.5 mM) or high glucose (HG: 25 mM) condition, and treated with indicated inflammatory factors such as calprotectin (CPT), interleukin (IL)-1β and IL-6. To examine the effects of HG on soluble IL-6 receptor (sIL-6R) production in THP-1 macrophages, the supernatants were collected and the sIL-6R levels were measured by ELISA. To examine the effects of HG on IL-1β or IL-6-induced matrix metalloproteinase (MMPs) production in HGFs, the supernatants were collected. Levels of MMP-1 and tissue inhibitor of MMP-1 (TIMP-1) were measured by ELISA. Finally, after conditioned medium (CM) from THP-1 macrophages cultured with NG or HG conditions was collected, HGFs were treated with the CM. The supernatants were collected 24 hours later and the levels of MMP-1 and TIMP-1 were measured. To examine the specific effects of IL-1β contained in CM on MMP-1 and TIMP-1 production in HGFs, IL-1 receptor antagonist (IL-1ra) was used. Results: There were statistical correlation between IL-1β and sIL-6R levels in gingival crevicular fluid (GCF) and HbA1c in periodontitis patients with DM (IL-1β: P=0.035, sIL-6R: P=0.040). HG and CPT significantly induced sIL-6R production in THP-1 macrophages. HG significantly enhanced IL-1β or IL-6/sIL-6R-induced MMP-1 production in HGFs. The increase of MMP-1 by both IL-1β and IL-6/sIL-6R
Introduction
Diabetes mellitus (DM) is a systemic disease with several complications such as retinopathy, nephropathy and neuropathy [1] . Inflammatory periodontal disease, so-called periodontitis is also one of the diabetic complications [2] . Progression of periodontitis has been associated with poor glucose control in diabetic patients [3] , although the precise mechanism remains unknown.
Interleukin (IL)-1β and IL-6 are considered to be important pro-inflammatory cytokines that elicit a wide variety of biologic activities [4] , and induce the progression of periodontitis [5] . A soluble form of interleukin 6 receptor (sIL-6R), known as an IL-6 agonist, is released by proteolytic cleavage from cell surface of immune/inflammatory cells such as lymphocytes and macrophages [6] . Our recent findings showed that sIL-6R levels in gingival crevicular fluid (GCF) of inflamed sites are significantly higher than in the healthy sites in periodontitis patients [7] . Importantly, it has been reported that both IL-1β and IL-6 levels in GCF were significantly elevated in diabetic patients [8, 9] . Although synergistic effects of these cytokines may induce the severe periodontitis in diabetic patients, the relationship of diabetic conditions such as high glucose (HG) to the cytokine cascades are not fully understood.
Human gingival fibroblasts (HGFs) are the most abundant cells in periodontal connective tissues [10] . HGFs can be target of IL-6 in the presence of sIL-6R, even though HGFs do not express sufficient cell-surface IL-6R to bind appreciable levels of IL-6 [11] . Therefore, sIL-6R is an essential molecule for IL-6 signaling in HGFs. In addition, significant elevation of calprotectin (CPT), a heterodimer of S100A8 and S100A9, are found in inflamed periodontal tissues [7] . Our previous findings showed that CPT induces not only IL-6 production in HGFs [12] , but also sIL-6R production in THP-1 macrophages [7] , resulting in progression of periodontitis by induction of IL-6 cascades. Furthermore, vascular endotherial growth factor (VEGF) is a significant factor for diabetic complications, and is implicated in the development of neovascularization and endotherial dysfunction in diabetic retinopathy [13] . We showed that HG enhances IL-6/sIL-6R-induced VEGF production in HGFs [14] . A series of reports suggest that exaggerated response of HGF affected by both elevated glucose and inflammatory cytokines may lead to severe periodontitis.
Matrix metalloproteinases (MMPs) are important enzymes responsible for degradation of extracellular matrix (ECM) such as collagen [10] . Periodontal tissue destruction often correlates with an imbalance between MMPs and their inhibitors of MMPs (TIMPs) [15] . HGFs have important roles in gingival healing by regulating production of MMPs/TIMPs in periodontitis lesions [16] . Although there is a positive relationship between uncontrolled DM and severe periodontitis, the effects of HG on the production of MMPs/TIMPs in HGFs are unclear.
In the present study, we examined whether inflammatory cytokines in GCF have been associated with clinical parameters in diabetic patients by performing clinical cross-sectional study. Furthermore, we examined the effects of HG conditions on crosstalk between HGFs and macrophages in order to clarify the pathogenesis of severe periodontitis in diabetic patients in the viewpoint of IL-6 trans-signaling. 
Measurement of inflammation-related proteins secreted by THP-1 macrophages or HGFs
Differentiated THP-1 macrophages of HGFs were treated with indicated conditions. Pg-LPS was used as a positive control for IL-6 production from THP-1 macrophages. Culture supernatants were collected and stocked at -80 °C. Levels of IL-6, sIL-6R, IL-1β, MMP-1, TIMP-1 and VEGF were measured using ELISA kits (R&D Systems).
Intracellular signaling
Total cellular proteins were extracted with lysis buffer (0.5 % SDS, 10 mM Tris-HCl pH 7.4, and protease inhibitor mix: Complete TM [Sigma]) after indicated stimulations. Phosphorylation of p44/42 MAPK and IκBα was examined using Western-blotting according to the previous report [11] . β-actin was used as internal control of loading proteins.
Conditioned medium (CM) preparation in THP-1 macrophages and effects of CM on MMP-1 production in HGFs
Differentiated THP-1 macrophages were cultured in RPMI 1640 with NG or HG condition for 48 h, and CM was collected. Collected medium samples were centrifuged at 3000 rpm for 10 min to remove cell debris, and filtered through a 0.45-µm filter. All CM was kept at − 80 °C, and CM diluted 20 % with DMEM was used for stimulations. Levels of MMP-1 and TIMP-1 were measured using ELISA kits (R&D Systems). To examine the effects of IL-1β contained in CM on the MMP-1 and TIMP-1 production in HGFs, rhIL-1ra (50, 500 ng/ml) was used.
Statistical analysis
Statistical significances were determined by Mann-Whitney U test and pearson's correlation coefficient test for cross-sectional clinical study, since the clinical data were not normally distributed. Next, statistical significances were determined by Student's t-test or ANOVA Tukey-HSD analysis for in vitro study. Statistical analyses were performed using JMP ® 8 ver. 8.0.2 (SAS Institute Japan, Tokyo). P-values of <0.05 were considered statistically significant.
Results

A
cross-sectional analysis of several parameters in patients with or without DM As shown in Table  1 , both levels of BS and HbA1c of patients with DM were significantly higher than in patients without DM (BS, P=0.0008; HbA1c, P<0.0001, Mann-Whitney U test). On the other hand, there was no significant difference between periodontitis patients with and without DM in the skin AF levels (P=0.34). In oral conditions, there was no statistical difference between periodontitis patients with and without DM in the number of teeth (P=0.89). There were also Ratio of mobile teeth in diabetic patients was higher significantly than those in non-diabetes (P=0.028). There was no significant difference in both GCF sIL-6R and CPT in the deepest PPD (P=0.36, P=0.83, respectively). Finally, our supplemental data showed that GCF IL-1β and sIL-6R levels in group of periodontitis patients with PPD greater than 6 mm were higher significantly than in periodontitis patients without PPD greater than 6 mm (P=0.0015, P=0.042, respectively), when the population was divided into 2 groups as follow: the groups of patients with or without 6mm over PPD (see Supplemental  Table 1 -for all supplemental material see www.karger.com/10.1159/000494481/).
Statistical associations between GCF IL-1β and sIL-6R levels and inflammation/diabetesrelated factors
As shown in Table 2 , there were no statistical correlation between GCF IL-1β levels and inflammatory/diabetic factors in periodontitis patients (PPD: P=0.34, GCF CPT: P=0.19, BS: P=0.65, HbA1c: P=0.56). On the other hand, there were statistical correlation between GCF IL-1β levels and inflammatory/diabetic factors in periodontitis patients with DM (PPD: P=0.030, GCF CPT: P=0.0001, HbA1c: P=0.035). Levels of GCF sIL-6R correlated statistically to the inflammatory factors in periodontitis patients with or without diabetes (Periodontitis: PPD, P=0.0001, GCF CPT: P=0.002; Periodontitis with DM: PPD, P=0.006, CPT, P=0.019). GCF sIL-6R levels correlated statistically to the values of HbA1c in periodontitis patients with DM (P=0.040, r=0.38, pearson's correlation coefficient test). GCF sIL-6R levels did not correlate to the values of other diabetic factors in periodontitis patients with DM (skin AF: P=0.28, BS: P=0.29). In the group of periodontitis patients, no significant relationships were observed between GCF sIL-6R levels and DM-related factors (skin AF: P=0.40, HbA1c: P=0.53, BS: P=0.43).
Induction of sIL-6R production in THP-1 macrophages by CPT
Although both CPT and PMA did not induce IL-6 production in THP-1 macrophages, Pg LPS increased significantly the IL-6 production in the cells (P<0.0001, ANOVA-Tukey HSD) (Fig. 1A) . As shown in Fig. 1B , both CPT and PMA increased significantly sIL-6R production in THP-1 macrophages, and TAPI-1 suppressed completely the increase of sIL-6R production by CPT (P<0.0001, CPT vs. CPT+TAPI-1, ANOVA-Tukey HSD). Pg LPS did not increase the sIL-6R production in the cells. 
Fig. 1. Effects of calprotectin on
IL-6 and sIL-6R production in THP-1 macrophages. Levels of (A) IL-6, (B) sIL-6R production in THP-1 macrophages.
After cells were cultured with 5.5 mM glucose (NG) condition, the cells were treated with CPT (50 nM), PMA (100 nM) and Pg LPS (1 µg/ml) for 24 h and collected the supernatants. Both IL-6 and sIL-6R levels were measured using ELISA methods. To inhibit the tumor necrosis factor-alpha converting enzyme (TACE) activity, the cells were pretreated with the inhibitor of TACE (TAPI-1) (10 µM). Data represents as the mean ± SD from 3 independent experiments. **, P<0.01 as compared with control (ANOVA Tukey-HSD). CPT, calprotectin; PMA, phorbol 12-myristate 13-acetate; Pg LPS, Porphyromonas gingivalis lipopolysaccharide. After the cells were treated with CPT for 24 h and collected the supernatants. Both IL-1β and sIL-6R levels were measured using ELISA methods. (E) To inhibit TACE activity, the cells were pretreated with TAPI-1 (10 µM) for 24 h. Data represents as the mean ± SD from 3 independent experiments. CPT, calprotectin. TACE, tumor necrosis factor-alpha converting enzyme. TAPI-1, inhibitor of TACE. NS, not significant differences. *, P<0.05; **, P<0.01, ANOVA Tukey-HSD. 
Enhancement of IL-1β or IL-6/sIL-6R-induced MMP-1 production in HGFs cultured with HG conditions
As shown in Fig. 3 and Fig. 4 , similar results were observed in both IL-1β and IL-6/sIL-6R-induced MMP-1 production in HGFs. IL-1β and IL-6/sIL-6R significantly increased MMP-1 production in HGFs, even in NG condition (P<0.0001 vs. untreated cells, ANOVA Tukey-HSD). HG enhanced significantly IL-1β-and IL-6/sIL-6R-induced MMP-1 production in HGFs (P<0.0001 vs. NG). HG also increased MMP-1 production, even in HGFs without IL-1β or IL-6/sIL-6R stimulation. Whereas, IL-1β significantly decreased TIMP-1 production in HGFs cultured with both NG and HG condition (NG: P=0.0001; HG: P=0.027, vs. untreated cells, ANOVA Tukey-HSD) (Fig. 3B) . Next, both MAPK inhibitor U0126 and NF-κB inhibitor Bay 11-7082 suppressed significantly IL-1β-mediated MMP-1 production in HGFs (NG, U0126: P<0.0001; 10 µM Bay: P<0.0001; HG, U0126: P<0.0001; 10 µM Bay: P<0.0001, ANOVA Tukey-HSD). Flutamide had no effects on the IL-1β-induced MMP-1 production in HGFs cultured with both NG and HG (NG: P=0.99; HG: P=0.76, ANOVA Tukey-HSD). As shown in Fig. 4C , the both inhibitors inhibited significantly IL-6+sIL-6R-mediated MMP-1 production in HGFs (NG, U0126: P<0.0001; 10 µM Bay: P=0.005; HG, U0126: P<0.0001; 10 µM Bay: P=0.75; 25 µM Bay: P<0.0001, ANOVA Tukey-HSD). Flutamide also had no effects on the IL-6/sIL-6R-induced MMP-1 production in HGFs (NG: P=0.99; HG: P=0.99, ANOVA Tukey-HSD). Finally, IL-1β and IL-6/sIL-6R induced phosphorylation of both p44/42 MAPK and IκBα in HGFs cultured with NG, and the increase of phosphorylation was dramatically enhanced in HGFs cultured with HG ( Fig. 3D and 4D ). There was no significant difference between NG and MN in induction levels of the each phosphorylation. on IL-1β-induced IL-6 production in HGFs. After HGFs were cultured with NG or HG conditions, cells were treated with IL-1β (1 ng/ml) for 24 h and the culture supernatants were collected. As an osmotic control for HG, cells were cultured in NG medium supplemented with 19.5 mM mannitol (MN). Levels of (C) MMP-1, (D) VEGF production in HGFs. After HGFs were cultured with 5.5 mM glucose (NG) condition, cells were treated with combination of IL-1β (1 ng/ml) and sIL-6R (50 ng/ml) in HGFs for 24 h and the culture supernatants were collected. Data represents as the mean ± SD from 3 independent experiments. NS, not significant differences. *, P<0.05; **, P<0.01, as compared with control (ANOVA Tukey-HSD). 
Indirect effects of IL-1β on IL-6 signaling-induced MMP-1 and VEGF production in HGFs
IL-1β increased significantly IL-6 production in HGFs in a dose dependent manner (P=0.019, 0.5 vs 1 ng/ml IL-1β; P<0.0001, 1 vs 5 ng/ml IL-1β, ANOVA Tukey-HSD) (Fig. 5A ). There were no significant differences between NG and HG in 1 ng/ml of IL-1β-induced IL-6 production in HGFs (Fig. 5B) . IL-1β increased MMP-1 and VEGF production in HGFs, and sIL-6R did not induce the MMP-1 and VEGF production ( Fig. 5C and 5D ). IL-1β-induced increase of MMP-1 and VEGF in HGFs was enhanced significantly by sIL-6R (MMP-1: 24h, P=0.0002; 48h, P<0.0001; VEGF: 24, 48h, P<0.0001, IL-1β+sIL-6R vs. IL-1β, ANOVA Tukey-HSD).
Effects of CM from THP-1 macrophages on MMP-1 production in HGFs cultured with NG or HG conditions
In HGFs cultured with NG, CM from THP-1 macrophages cultured with NG increased significantly MMP-1 production compared with untreated cells (P<0.0001, ANOVA Tukey-HSD) (Fig. 6A) . CM from THP-1 macrophages cultured with HG increased significantly the MMP-1 production compared with those of CM from THP-1 macrophages cultured with NG (P=0.0026, ANOVA Tukey-HSD). Induction of MMP-1 by the CM from THP-1 macrophages cultured with HG was significantly inhibited by dose dependent of IL-1ra (P<0.0001, 0 vs. 50 ng/mL IL-1ra; P<0.0001, 50 vs. 500 ng/mL IL-1ra, ANOVA Tukey-HSD). Next, in HGFs cultured with HG, the similar responses were observed compared with those of HGFs cultured with NG. CM from THP-1 macrophages cultured with HG increased significantly the MMP-1 production in HGFs cultured with HG compared with those of HGFs cultured with NG (P<0.0001, ANOVA Tukey-HSD). The induction of MMP-1 by the CM from THP-1 macrophages cultured with HG was significantly inhibited by dose dependent of IL-1ra in HGFs cultured with HG (P<0.0001, 0 vs. 50 ng/mL IL-1ra; P=0.0001, 50 vs. 500 ng/mL IL- TIMP-1 production in HGFs.
After HGFs were cultured with 5.5 mM glucose (NG) condition or 25 mM glucose (HG), cells were treated with conditioned medium (CM) from THP-1 macrophages cultured with NG or HG conditions and the culture supernatants were collected. MMP-1 and TIMP-1 levels were measured using ELISA methods. To examine the effects of IL-1β containing in CM, HGFs were pre-treated with IL-1ra (50, 500 ng/ml). Levels of (C) MMP-1, (D) TIMP-1 contained in CM from THP-1 macrophages cultured with NG or HG conditions. Data represents as the mean ± SD from 3 independent experiments. (E) Inhibitory effects of IL-1ra (500 ng/ml) on the IL-1β signaling in HGFs. Cell lysates were resolved by SDS-PAGE and analyzed using Western blotting probed with antibodies against phospho-p44/42 MAPK and phospho-IκBα. Equal loading of total lysates (10 μg) was confirmed by re-probing with antibodies against β-actin. NS, not significant differences. *, P<0.05; **, P<0.01, as compared with control (ANOVA Tukey-HSD).
Lew et al. 1ra, ANOVA Tukey-HSD). No significant increase of MMP-1 was observed in the CM from THP-1 macrophages cultured with both NG and HG (P=0.23, Student's t-test) (Fig. 6C ).
There were no significant differences between CM from macrophages cultured with NG and HG in TIMP-1 production of HGFs (Fig. 6B ). IL-1ra had no effects on the TIMP-1 production in HGFs. Whereas, both CM increased significantly the TIMP-1 production in HGFs cultured with both NG and HG (P<0.0001, ANOVA Tukey-HSD). No significant increase of TIMP-1 was observed in the CM from THP-1 macrophages cultured with both NG and HG (P=0.46, Student's t-test) (Fig. 6D) .
IL-1β and IL-6/sIL-6R induced the phosphorylation of both p44/42 MAPK and IκBα in HGFs cultured with NG, and the increase of phosphorylation of both p44/42 MAPK and IκBα by IL-1β, but not IL-6/sIL-6R were dramatically inhibited in HGFs pre-treated with IL-1ra.
Discussion
Periodontitis is a multifactorial inflammatory disease that causes tooth loss [18] , and poor glycemic control has often been associated with severity of periodontitis clinically [3] . In our clinical study, significant progression of periodontitis was also observed in diabetic patients compared with non-diabetic patients (Table 1) . Inversely, to examine whether glycemic conditions in patients with severe periodontitis are poor compared with patients with non-severe periodontitis, we performed another cross-sectional analysis (see supplemental Table) . Interestingly, blood HbA1c levels in periodontitis patients with 6 mm over PPD (severe periodontitis) were higher statistically than in periodontitis patients without 6 mm over PPD (non-severe periodontitis). These bidirectional results indicate the clinical appropriateness of our database.
At first, we examined whether there were positive relationship between diabetic conditions and GCF IL-1β levels in inflamed periodontal lesions. As shown in Table 1 , there was no statistical difference between non-diabetic patients and diabetic patients in GCF IL-1β levels, although the tendency was observed (P=0.083). Whereas, GCF IL-1β levels were statistically correlated to blood HbA1c levels of the diabetic patients (Table 2) . Although there was no statistical difference between non-diabetic patients and diabetic patients in GCF sIL-6R levels (P=0.36), importantly, GCF sIL-6R levels were also statistically correlated to blood HbA1c levels of diabetic patients (Table 2) . These clinical findings indicate diabetic conditions such as increased glycated albumin may induce IL-1β and sIL-6R production in inflamed periodontal tissues.
IL-1β and IL-6 are important pro-inflammatory cytokines in the progression of chronic inflammatory disease [19] . As shown in Fig. 1A , we demonstrated that CPT did not induce IL-6 production in THP-1 macrophages, although Pg LPS induced the IL-6 production significantly. We have considered that Pg infection has an important role in the early stages of periodontitis with or without DM, because the periodontitis is a bacterial infectious disease. Interestingly, we found for the first time that HG increased IL-1β production significantly in THP-1 macrophages, and the increase of IL-1β was more enhanced by CPT (Fig. 2B) . IL-1β also induced dramatically IL-6 production in HGFs (Fig. 5A) . Furthermore, we showed previously that IL-6 binding to HGFs increases significantly in the presence of sIL-6R [20] . Considering the possible source of sIL-6R in periodontitis lesions, we reported that sIL-6R production was induced by IL-6 and CPT in THP-1 macrophages [7, 21] . Importantly, we showed that CPT-mediated induction of sIL-6R inhibited significantly in THP-1 macrophages by TACE specific inhibitor, TAPI-1 (Fig. 1B) . In addition, we demonstrated that HG also increased sIL-6R production significantly in THP-1 macrophages in a dose dependent manner via TACE activation (Fig. 2E) . Franchimont et al. reported previously that IL-1/TNF-mediated induction of IL-6R shedding in osteoblastic cells is at least partly dependent on TACE activation [22] . Furthermore, Jones SA et al. reported that shedding of IL-6R was activated by the Ca 2+ ionophore, ionomycin, and inhibited by the TAPI in THP-1 macrophages [23] . Although the effects of glucose on the Ca 2+ mobilization are unclear, their findings encourage our results. Because TACE levels in GCF are higher in periodontitis patients than in healthy subjects [24] , sIL-6R induction by TACE may have an important role in the pathogenesis of periodontitis. A series of results suggest that shedding of IL-6R on cell surface may be induced by CPT and HG-mediated TACE activation in THP-1 macrophages. MMP-1 plays a key role in the destruction of gingival collagen fibers because type I collagen is dominant in gingival connective tissue [25] . In addition, TIMPs are considered to be important molecules to regulate the actions of MMPs [25] , and a disturbed balance of MMPs and TIMPs should be involved in the progression of periodontitis [26] . IL-1β and IL-6 may be responsible to the tissue destruction by increasing MMPs from HGFs [21] . In view of severe periodontitis in diabetic patients, therefore, we examined the effects of HG on IL-1β or IL-6-induced MMP-1 and TIMP-1 in HGFs. As shown in Fig. 3 and 4 , HG enhanced significantly IL-1β or IL-6/sIL-6R-induced MMP-1 production via MAPKs and NF-κB pathway in HGFs. NF-κB pathway is activated by various cellular kinases including MAPKs, which are a group of signaling molecules mainly consisting of three well-characterized subfamilies: ERK1/2, JNK and p38 MAPK [27] . Our previous finding showed that HG enhances dramatically the gp130-mediated ERK pathway in IL-6/sIL-6R-treated HGFs [14] . We demonstrated that phosphorylation of IκBα was also significantly enhanced by IL-1β and IL-6/sIL-6R in HGFs cultured with HG condition. Although the enhancement of NF-κB pathway may be induced followed by ERK activation, further experiments will be needed using siRNA techniques to understand the distinct signaling pathway. IL-1β decreased significantly TIMP-1 production in HGFs, whereas IL-6/sIL-6R had no effects on TIMP-1 production in HGFs. These results suggest that the influence of MMP-1 should be enhanced dramatically in inflamed periodontal tissues of diabetic patients. HG-mediated increase of MMP-1 by IL-1β or IL-6/ sIL-6R in HGFs would have an important role in the pathophysiology of severe periodontitis with DM. Recent studies reported that the MMP-1/TIMP-1 ratio in inflamed gingival tissues increased in periodontitis patients with uncontrolled glycemic conditions [28] . These clinical findings support our in vitro findings. Additionally, HG also increased significantly MMP-1 production in HGFs. We considered that HG affects to the cell responses by a combination of two reasons: 1. elevated glucose availability, 2. osmotic effects. We notice the significant production of MMP-1 may be, at least in part, related to the osmotic effects of HG, because the same concentration of mannitol also increased significantly the MMP-1 production even in un-treated HGFs as shown in Fig. 4A .
Next, we focused on the potential of IL-1β in periodontitis lesions. Importantly, IL-1β dramatically increased IL-6 production in HGFs (Fig. 5A) . Whereas HG had no effects on the IL-1β-induced IL-6 production in HGFs. (Fig. 5B) . Therefore, IL-6 cascades induced by IL-1β surrounding HGFs may be equivalent efficacy in pathogenesis of periodontitis whether the patients with DM or not. Interestingly, both MMP-1 and VEGF production were induced significantly and synergistically in HGFs co-stimulated by IL-1β and sIL-6R, even though without IL-6 ( Fig. 5B and 5C ). These findings suggest that sIL-6R has an important role in the induction of MMP-1 and VEGF in HGFs secondarily in response to IL-6 produced by IL-1β. IL-1β induces both direct signals of IL-1β and indirect signals of IL-6, if sIL-6R was produced by immune/inflammatory cells such as macrophages surrounding HGFs.
Finally, we examined the possibility of HGFs-macrophages crosstalk in inflamed periodontal tissues of diabetic patients. As shown in Fig. 6A , in HGFs cultured with NG, CM from THP-1 macrophages cultured with HG increased significantly MMP-1 production compared with those of NG. Furthermore, the increase of MMP-1 was enhanced significantly in HGFs cultured with HG, and the culture conditions simulate the conditions of periodontitis with DM. Since protein factors contained in CM are various and unclear, exactly, the precise mechanism of MMP-1 induction remains unknown in this culture system. However, IL1ra, known as IL-1β antagonist, suppressed the MMP-1 production in HGFs. Therefore, we considered that the induction of MMP-1 by CM from THP-1 macrophages cultured with HG, at least in part, depends on IL-1β effects. Since rheumatoid arthritis patients have a high level of IL-1, clinically, the blockade of IL-1 receptors by external IL-1ra such as Anakinra modifies the disease progression [29] . IL-1ra may be a hopeful candidate for therapeutic strategy for preventing and treating in severe periodontitis with DM.
AGEs play an important role in the pathogenesis of diabetic complications. Skin AF, a marker of AGE accumulation in tissues, can be measured noninvasively using a skin AF reader [30] . Meerwaldt reported that skin AF increased statistically in diabetic patients [31] . Furthermore, Yu showed that AGEs upregulate the expression of MMP-1 in HGFs [32] . Similar to the reports, we showed that AGEs induces IL-6 production in HGFs [33] . On the other hand, our cross-sectional study showed that no statistical difference was observed between non-diabetic patients and diabetic patients in the skin AF (Table 1) . We are not surprising because diabetic/glycemic conditions in the majority of patients have been well-controlled medically in the population of this study. Statistical differences should be observed between non-diabetic patients and diabetic patients in the skin AF by re-analysis using other population including patients with severe/poor diabetic conditions.
In the clinical study, although we have proposed the relationships of several glycemic factors to the GCF IL-1β and sIL-6R levels, we are only able to show associations and not causality because this was a cross-sectional analysis. However, a series of findings by both clinical and in vitro study suggest that diabetic conditions such as HG may induce IL-1β and sIL-6R production from macrophages in inflammatory periodontal tissues and may exacerbate the periodontitis synergistically via MMP-1 production from HGFs (Fig. 7) . Enhancement of CPT or HG-induced IL-1β and IL-6 cascades in HGFs may play a key role in periodontitis progression through the crosstalk of fibroblasts-macrophages. This pathway could be an attractive target to clarify the pathophysiology of severe periodontitis with DM and contribute to establish the novel therapeutic concept in the disease. Fig. 7 . Schematic representation of HG-mediated HGFs and macrophages crosstalk: A possible mechanism of severe periodontitis with diabetes. In inflamed periodontal tissues of diabetic patients, calprotectin produced by neutrophils induces sIL-6R production in macrophages. HG induces IL-1β and sIL-6R production in macrophages. In the pathogenesis of periodontitis, macrophages may be one of the key cells, because Pg LPS also induces IL-6 production. IL-1β and sIL-6R induce MMP-1 production synergistically in HGFs, because IL-1β induces dramatically IL-6 production in HGFs. Taken together, both direct effects of IL-1β on responsiveness of HGFs and indirect effects of IL-1β via activation of IL-6 signaling of HGFs by inducing sIL-6R from macrophages infiltrated in periodontitis lesion may exacerbate the pathogenesis of periodontitis synergistically in diabetic patients. 
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